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ABSTRACT 

Context. Spiral galaxies often have extended outflows that permeate beyond the region of the disk. Such outflows have 
been seen both in starburst galaxies, actively star forming galaxies and galaxies with an AGN. In the latter galaxies it 
is unknown whether the large-scale outflows are driven by star formation activity or purely by the active nucleus. 
Aims. The aim of our investigation is to study the frequency of extended minor-axis outflows in edge-on Seyfert galaxies 
to investigate the role of the AGN, the circumnuclear environment and star formation activity within the disk regions, 
and their importance for IGM enrichment on large scales. 

Methods. We obtained optical narrowband imaging observations of a distance limited, northern hemisphere sample of 
14 edge-on Seyfert spiral galaxies. Because of the distance-limited nature of the sample, it is restricted to relatively 
low-luminosity Seyfert galaxies. The data were obtained with BUSCA attached to the 2.2m telescope at the Calar 
Alto observatory. Narrowband imaging in two different ionizational stages (Ha and [O ill] ) was performed to attempt 
a discrimination between processes associated with the active nucleus and those connected to star forming activity 
within the disk. The median 3-er sensitivities for detection of high-latitude extended emission in the sample galaxies 
are 3.6 x 10 -17 ergss -1 cm -2 arcsec -2 for the Ha images and 6.9 x 10 -17 ergs s _1 cm -2 arcsec -2 for the [O ill] images. 
We use the data to study the distribution of extraplanar emission with respect to the AGN and the underlying disk 
Hn regions. 

Results. The Ha morphology of the Seyfert galaxies is usually complex, but only in three out of 14 galaxies did we find 
evidence for minor axis disk outflows. At the sensitivity of our observations [O ill] emission is generally detected only 
in the nuclear region. For Ark 79 we present the first evidence of a secondary nuclear component, best visible in the 
[O in] image, which has a linear separation from the primary nucleus of about 850 pc. 

Conclusions. Overall, our results show that extraplanar emission of similar brightness and extent as in the previously 
known cases of NGC 3079 and NGC 4388 is not common in Seyfert galaxies of otherwise similar properties. Comparison 
with our previous results shows that for nearby edge-on spiral galaxies star formation may be a more powerful mechanism 
for producing DIG than AGN activity. While in general AGN activity undoubtedly plays some role in driving minor-axis 
outflows, this probably requires higher AGN luminosities than are encountered in our small distance-limited sample. 
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1. Introduction 

The investigation of minor axis gaseous outflows in ex- 
ternal galaxies by narrowban d imaging is well esta b lished 
for st arburst galaxies (e.g., iLehnert fe HecknianL Il995l 
1996a| and also for normal (non- starburst) galaxies (e.g., 
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Randl. 1 1996t iRossa fe Dettmarl . l2000t iMiller fc Veilleuxl . 
2001 lR ossa fc Dettmarl . 12003b') . In starburst galaxies the 



presence of gaseous outflows is a common feature, where 
the gas and energy are being transported to the ambient 
intergalactic medium (IGM) from the nuclear region via 
starburst driven winds. In normal galaxies the presence of 
minor axis gaseous outflows is not as ubiquitous, but is 
however still a common phenomenon for galaxies exceeding 
a certain threshol d of star formation activity in the unde r- 
lying galaxy disk (jRandl . Il996t IRossa fc Dettmarl . l2003al) . 

Previous studies on minor axis outflows in Seyfer t galax- 
ies have been performed mo stly by Ha imaging (e.g. JPoggel 
119891 : IColbert et all . [l996). However, only a few galax- 
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ies ha ve been s tudied in [O H i ] in the past (e.g., iPoggel 
fl988allhl . fl98l iVeilleux et all Il999al l200l . and these 
were mostly relatively face-on galaxies. Apart from the 
recent study of NGC 4388 with the SUBARU telescope 
(jYoshida et al.l . [20021 ) . most observations had limited sen- 
sitivity, and only nucleated minor axis outflows in Ha were 
detected. Furthermore, the extent of the regions around 
the galaxies studied was limited by detector size (i.e. lim- 
ited field of view). By contrast, the recent deep narrowband 
imaging in the Seyfert galaxy NGC 4388 revealed extended 
emission from minor axis outflows up to distances of \z\ ~ 
35kpc. Previous detection rates of large scale minor axis 
outflo ws in edge-on Seyfert galaxies were fou nd to be about 
27% flColbert et al.l . Il996fl . More recently, IVeilleux et all 
(2003!) presented results of a Taurus tunable filter study 
of 10, mostly face-on, starburst/AGN galaxies. Their over- 
all detection rate was 60%, but when only counting the six 
Seyfert galaxies in their sample, all of those showed large 
scale outflows. 

The origin of very extended emission line regions is not 
quite clear yet. A likely origin for the extended emission 
in the Virgo Cl uster galaxy NGC 43 88 may be ram pres- 
sure stripping (jYoshida et all l2004h . as had been previ- 
ously suggested for the peculiar gas morphology in another 
Virgo cluster spiral, NG C 4522 (|Kennev fc Koopmannl . 
1999; iKennev et ail . 12004). Puzzling excitation structures 
of an outflow were reported for the g a laxy NGC 1482, us- 
ing tunable filters (jVeilleux fe Rupkel [2002;), although on 
somewhat smaller scales than for the NGC 4388 case. For a 
general review on galactic winds we r efer the reader to the 
recent paper bv IVeilleux et~aTl (|2005h . 

In a recent investigation using Ha imaging of gaseous 
outflows in nearby edge-on galaxies it was shown that there 
are differences between starbu rst and non-starburst galax- 
ies (R ossa fe Dettmarl . 1200 3a). This is manifested by their 
loci in a so-called diagnostic diagram for diffuse emission, 
based on the strength of star formation rate per unit area 
as a function of the far infrared flux ratio of 60 to 100 mi- 
crons (which is a proxy of the warm dust temperature). 
Galaxies with higher star formation rate and warmer dust 
are mo re likely to show outflows. In the iRossa fc Dettmarl 
(|2003af) study, Seyfert galaxies were basically excluded. The 
present paper fills this gap by studying the gaseous outflows 
in a sample of Seyfert galaxies. We observed this sample 
both in Ha and [O in] emission. The excitation mechanisms 
at work can potentially be distinguished by the fact that 
the [O in] and Ha emission will have different responses to 
ionizing contributions of a hard power-law and from stellar 
radiation. Different excitation mechanisms might therefore 
be distinguishable using Ha to [O in] ratio maps. 

The method of narrowband imaging has the advantage 
that excitation mechanisms can be studied in a much less 
time consuming manner than by longslit spectroscopy. The 
whole galaxy can be investigated in one single pointing per 
emission line. By contrast, longslit spectroscopy can only 
measure line ratios at specific cuts perpendicular or par- 
allel to the major axis, where emission is already known 
from previous imaging. However, in many cases the pres- 
ence or distribution of extended minor axis gaseous outflows 
in Seyfert galaxies is not known at all. A multi-filter nar- 
rowband imaging study of a homogeneous sample of Seyfert 
galaxies is therefore a natural first step. With this approach 
we would like to investigate the role of the AGN versus the 
contribution to the IGM enrichment by disk outflows from 



strong H n regions. We can also study envir onmental effects 
such as past m ergers (I Walker et al.l. 119961 ) and ram pres- 
sure stripping (|Cavatte et al.l . Il994h . by considering how 
disturbed the extended emission line regions are. 

The paper is structured in the following way. In 
Section [5] we present the sample, describe the observations 
and present the data reduction techniques. In Section [3] 
we present the results for each individual galaxy, includ- 
ing a basic description of the observed morphology as seen 
in the broadband (e.g., i?-band) and narrowband (Ha and 
[Oin] ) images. In Section 0] we discuss the results in terms 
of excitation maps and we attempt to discriminate between 
minor axis nuclear and disk outflows. Finally, in Section [5] 
we present our summary. 

2. Sample, Observations and Data Reduction 

2.1. The Seyfert Galaxy Sample 

Our sample is a distance-limited sample of nearby edge- 
on Seyfert galaxies. We selected the galaxies according to 
the following criteria: all targets have radial velocities of 
frad < 5300 km s -1 , and inclinations of i > 80°. The first 
selection criterion assures that sufficiently high spatial res- 
olution is reached in order to resolve individual emission 
features, such as filaments. The galaxies in our sample have 
distances of 10.6 Mpc < D < 73.0 Mpc, assuming a Hubble 
constant of Ho = 75kms~ 1 Mpc -1 . This translates to spa- 
tial scales that can be resolved in the range of 50 pc to 
350 pc for our targets. The inclination criterion is essential 
for detections of minor axis outflows, since in less inclined 
targets extended emission cannot be distinguished unam- 
biguously from disk emission. 

The resulting sample consists of 14 northern hemisphere 
edge-on Seyfert galaxies that were selected from the elec- 
tronic version of the 10th edition of A Catalogue of Quasars 
and A ctive Nuclei, published by IVeron-Cettv fc Veronl 
(2001,). We have chosen only galaxies classified as being 
Seyfert (type 1 and 2) galaxies, thus rejecting H n galaxies 
and LINERs. All relevant galaxies were initially inspected 
visually using Digitized Sky Survey (DSS) images to ver- 
ify their edge-on orientation prior to making it into our 
final list. Our selectio n criteria are not too different from 
the Ha imaging study IColbert et alj (|l996l) . However, we 
found that several of the galaxies previously studied by 
IColbert et afl (fl996l) were far from being archetypical edge- 
on galaxies. In additio n we include some known Sey ferts, 
based on the search in IVeron-Cettv fc Veronl (l200ll) that 
are not constrained in the IColbert et al. I (|1996l) study. The 
selected sample consisted of 30 galaxies, visible from both 
hemispheres. We only observed the 14 galaxies visible from 
the northern hemisphere. In Table[T]we list the basic param- 
eters of these galaxies, such as coordinates, sizes, distances 
and magnitudes. 

The advantage of using a distance-limited sample is 
that the galaxies can be studied with high angular reso- 
lution and sensitivity. It has the disadvantage that only 
a relatively small volume is probed. Since the most lumi- 
nous AGN are rare, our sample is necessarily restricted to 
"low-luminosity" Seyfert galaxies. Our study can therefore 
only make statements about extended emission-line gas and 
minor-axis outflows in Seyfert galaxies in this luminosity 
regime. The results cannot necessarily be generalized to 
higher- luminosity Seyfert galaxies, since it is likely that 
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Table 1. Basic properties of the galaxy sample 
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Notes: Column (1) lists the galaxy name. Columns (2) and (3) list the coordinates taken from the NASA Extragalactic Database 
(NED). Column (4) gives the radial velocity, measured from Hi data and taken from NED. Data labeled with "a" refer to velocity 
data from optical measurements. Column (5) gives the corresponding distances assuming Ho = 75 kms -1 Mpc -1 . Column (6) 
lists the optical extent of the major and minor axis taken from NED. Column (7) lists the B-band magnitude, also taken from 
NED. Finally, in c olumn (8) we list the FIR luminosity, calculated from F^o and Jioo (taken from NED) using the equation in 
iRossa &c Dettmarl (|2000T ). For Ark 79 and Mrk 577 there are no IRAS fluxes available, therefore Lfir was not computed. 



more luminous AGN are able to drive stronger outflows. 
Our study is therefore complementary to possible studies of 
more distant high-luminosity Seyferts. Such studies would 
have different goals and limitations. For example, there 
would be less spatial resolution and thus less sensitivity to 
detection of narrow features (e.g., filaments). Moreover, the 
highest- luminosity AGN often have ongoing star-formation, 
or are involved in a galaxy-galaxy interaction. This makes 
it more difficult to establish whether any outflow is driven 
by the AGN or by the starburst. 

2.2. Observations 

The sample was imaged in two observing runs. Optical B- 
and i?-band images, and narrowband Ha and [O in] images 
were taken in the periods from October 28th to 30th 
2002 and from April 5th to 6th 2003. We used the Bonn 
University Simultaneous Camera (BUSCA), attached to 
the 2.2m telescop e at the Calar Alto Observatory. BUSCA 
(|Reif et al.L fT999) is a four-channel CCD camera which al- 
lows simultaneous imaging of a 12' x 12' field of view in 
four different wavebands, each of which are separated by 
dichroic filters. The wavelength range covered by these four 
CCD cameras is A < 4300 A (UV), 4300 to 5400 A (Blue), 
5400 to 7300A (Red), and A > 7300A (NIR). Three of 
the four CCDs are frontsize devices (CCD485 Lockheed 
Martin), with a pixel array of 4096x4096 pixels, and with 
a pixel size 15/im x 15/im. The CCD for the UV chan- 
nel is a backside thinned CCD485. The pixel scale in the 
2x2 binning configuration used was 0'.'35. Further details 
on BUSCA can be found at the BUSCA webpagifl. 

We used the Ha and [Om] filters for channel 2 and 3, 
whereas channel 1 and 4 were equipped with a UV and 
/-band filter. The broadband images used for our analy- 
sis were instead obtained in channel 2 and 3, subsequently, 
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since their bandpasses are located in the same wavelength 
region as the narrowband filters. To avoid possible exces- 
sive straylight (Oliver Cordes for the BUSCA team, priv. 
comm.), channels 2 and 3 were not equipped with actual 
B and R broadband filters. Instead, the dichroic filters al- 
ready on the instrument adequately mimic the transmission 
of the standard B and i?-bands. The transmission curves of 
these dichroic filters are shown in Figurc[TJ Throughout this 
paper we speak of B- and i?-band images, when we refer to 
images obtained with these dichroic filters. Details on the 
narrowband filter specifications such as central wavelength 
and FWHM are listed in Table [H which also presents a log 
of the observations that includes observation dates, expo- 
sure times, and seeing values. Due to the FWHM of the 
Ha filters, emission from the adjacent [Nil] doublet is also 
included in the bandpass. For the remainder of the paper 
we always refer for simplicity to images obtained with these 
filters as Ha images. 

2.3. Data analysis 
2.3.1. Data reduction 

The data reduction was performed in the usual way us- 
ing the IRAB3 cedproc package. A pedestal count level was 
determined and subtracted from each image using the over- 
scan region. Ten to twenty bias frames were combined us- 
ing the zerocombine task to create one master bias for each 
night and each of the four channels. The appropriate bias 
frames were subtracted from the flat-field frames and im- 
ages to remove any two-dimensional structure remaining 
after the pedestal level subtraction. However, this bias sub- 
traction was only performed on the Ha and i?-band images. 

2 IRAF is distributed by the National Optical Astronomy 
Observatory, which is operated by the Association of 
Universities for Research in Astronomy, Inc. (AURA) under co- 
operative agreement with the National Science Foundation. 
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Fig. 1. Transmission curves for the four dichroic niters of the BUSCA instrument. The positions in wavelength of standard 
broadband filters are indicated. 



There were variability problems in the bias images from the 
CCD used for the [O in] and i?-band images. Since the field- 
dependent variations of the bias is small, we decided not to 
use these images, and stick with a single constant pedestal 
instead. The Hatfields were combined in groups of three 
to eight frames to give one normalized master Hatfield per 
night, channel, and filter. These were used to Hatfield the 
data. 

The sky background in the images was determined 
by manually selecting in each frame three regions which 
showed no contamination from the galaxy or from any 
stars, and measuring the median sky value. The three val- 
ues were then averaged to give a final sky background value. 
If the scatter in the three values was above a threshold of 
five counts, the regions used to calculate the medians were 
changed. The sky background thus determined was sub- 
tracted. We estimate the uncertainties in the background 
values to be less than a few percent. In the next step the 
images were aligned by performing a cross-correlation using 
the xregisterta.sk. First, a Fourier cross-correlation was used 
to correct for large shifts with a nearest pixel interpolation, 
then a finer discrete cross-correlation was used, applying 
a polynomial interpolation. The image frames were then 
combined using the imcombine task. Since at least three 
narrowband frames were available for most of our galaxies, 
a median combination was sufficient to eliminate the cos- 
mic rays from the narrowband observations. For the broad- 



band observations, only two frames were acquired for most 
galaxies. These were combined using an average combina- 
tion along with the crreject rejection criterion to eliminate 
the majority of the cosmic ray events. In one specific case 
(NGC 4388) only one frame was obtained in all filters, and 
the cosmicrays package was used in order to eliminate the 
cosmic rays. 

Once cosmic-ray free images were obtained, the images 
from the different filterbands for a specific galaxy were 
aligned. This is a requirement for the continuum subtrac- 
tion, which involves a scaling of different filter images. The 
alignment involved a small rotation, as the different chan- 
nels did not have the exact same orientation (the measured 
difference was typically less than 1°). A polynomial interpo- 
lation was used to accommodate the difference in rotation 
angle. The images were then aligned using a discrete-cross 
correlation, once again applying a polynomial interpolation. 

2.3.2. Remaining data artifacts 

Besides the well known detector artifacts (e.g., those pro- 
duced by cosmic-ray events), which can be corrected for 
by combining individual images, there are also instrumen- 
tal artifacts caused by the optical system. This may leave 
additional artifacts (e.g., reflections) that we discuss in the 
following. Due to the optical outline of the BUSCA instru- 
ment (involving dichroic beamsplitters) in conjunction with 
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Fig. 2. Gallery of the various remaining image artifacts found in the BUSCA data. A detailed description of these 
artifacts is given in Section ?2. 3. 21 The images show some of the "worst case" examples. With proper care in the analysis 
our study was not generally affected by any of these artifacts. 



the optical assembly of the telescope, there are several arti- 
facts present in our images. We address these artifacts here 
and show examples in Figure [2 

In all broadband images there are internal reflections 
from bright and moderately bright point sources (i.e. stars), 
which appear as slightly flattened, oval disks, with a cen- 
tral cavity (see upper left panel of Figure [5]). These reflec- 
tions always have a constant distance from the source and 
appear « 90" to the N of the stars in the £?-band, and 
also appear « 90" to the W and to the N in the i?-band. 
The reflections are brightest in the J5-band images. Since 
these reflections have a constant distance from their source 
(see lower left panel of Figure [5]) , they are easy to identify 
and thus cannot be mistaken for any of the diffuse struc- 
tures we are interested in. Furthermore, in the continuum 



subtracted images they appear as white oval disks (see up- 
per right panel of Figure [2]) in contrast to the true galaxy 
features, which are shown in black in our "inverted" grey- 
scale images (see lower right panel of Figure [5]). Only in 
one case (UGC1479), was such an artifact directly super- 
posed onto the southern part of the galaxy disk. Bright 
extended sources such as the galaxy bulge of course also 
produce ghost images at the same distance and orientation 
(N of the disk) in the £?-band images (see upper left panel 
of Figure [2]). But because of the 90" offset, our analysis at 
the galaxies themselves is not affected by this. Other inter- 
nal reflections around unusually bright stars in the field are 
also visible (see lower right panel of Figure [5]), reminiscent 
of the bright reflections seen in some of the Digitized Sky 
Survey images which have bright stars in the field. We have 
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obviously taken extreme care not to mistake any of the as- 
sociated diffraction spikes with emission filaments. Another 
artifact, affecting all CCDs to some extent, are the trails 
seen emerging from bright stars (see upper right panel of 
Figure ^ . These are so called charge transfer inefficiencies. 

It should also be noted that the narrowband filters ob- 
structed the extreme outer boundaries of the field of view 
(see upper right panel of Figure \2§ ■ This has no effects on 
any of our science cases, as most galaxies are much smaller 
than the field of view. 

2.3.3. Narrowband emission maps 

In order to generate continuum-free Ha and [O in] images, 
the broadband images were appropriately scaled and sub- 
tracted from the narrowband images. The i?-band im- 
ages were scaled and subtracted from the Ha images, and 
the -B-band images were scaled and subtracted from the 
[O in] images. The scale factors were determined empiri- 
cally. 

In order to determine the i?-band to Ha and B-band 
to [O in] ratios, we first performed aperture photometry on 
stars in both frames using the apphot package, attempt- 
ing to include as many true stellar point sources as possi- 
ble, while excluding background galaxies. Figure [3] shows 
the values of the ratio obtained for all the stars in the 
UGC 12282 field. This field has the largest number of fore- 
ground stars, and therefore the ratios were best deter- 
mined for this galaxy. Since some of the objects included 
in the photometry may still be non-stellar sources (e.g., 
faint background galaxies) , we used the median ratio rather 
than the mean as an indicator of the overall ratio. The 
scatter at low count values is likely to be due to Poisson 
noise or in some cases non-stellar sources, but overall the 
R to Ha ratio does seem well constrained. Unfortunately, 
the R to Ha ratio was not as well constrained for most of 
the other galaxies, due to contamination from background 
galaxies and the lack of sufficient numbers of suitable stars 
in many of the frames. The B to [O in] ratio was not tightly 
constrained in any of the galaxies. Either way, the average 
color of foreground stars is probably not representative of 
the galaxies that we are interested in. This might bias the 
determination of the scale factors. So we decided to use a 
different approach instead, and to use aperture photometry 
results only as a consistency check. 

We ultimately defined the broadband to narrowband ra- 
tio to be the ratio that minimizes the number of pixels with 
narrowband emission, whilst also minimizing the number of 
oversubtracted pixels. In practice this was done by select- 
ing a patch of background sky and finding the standard 
deviation of the pixel counts within this region. We then 
considered all the pixels within a circular region, centered 
on each galaxy, and varied the broadband to narrowband 
ratio until the number of pixels with count values within 
one standard deviation from the mean background value 
was maximized. In order to verify this method we com- 
pared the ratio obtained to the method described above. 
We found the R to Ha ratio for UGC 12282 to be 11.23 us- 
ing the new algorithm, compared to 11.64 ± 0.77 for the 
initial method, which is in reasonable agreement. The B to 
[O in] ratio was found to be 6.94 using the new algorithm, 
compared to 7.02 ± 1.94 for the initial method, once again 
in good agreement. 



The final ratios used for each galaxy to construct the 
Ha and [O in] maps are shown in Figure 21 and are normal- 
ized to the individual exposure times. In the case of the 
i?/Ha ratio, the values for the NGC galaxies are smaller 
than for the other galaxies. This agrees with the fact that 
the overall transmission of the filter used for the NGC 
galaxies is approximately 10% larger than the transmission 
of the filter used for the more remote galaxies. Reversely, 
the larger B/[0 in] ratio for the NGC galaxies compared to 
the other galaxies is due to the fact that the [O in] filter used 
for the NGC galaxies has a transmission approximately 30% 
less than for the other galaxies. The relatively small vari- 
ations in the ratio from galaxy to galaxy (observed with 
the same filter) confirm the accuracy of the method. Some 
of the remaining scatter may be due to the fact that the 
observing conditions were not photometric. 

2.3.4. Flux calibration 

The observations were partially carried out under non- 
photometric conditions. Therefore, no standards were ac- 
quired in the broadband channels. A flux calibration 
was performed using a narrowband image containing 
three calibration stars. The stars used were PG0231+051, 
PG0231+051A and PG02 31+051D , and th e standard mag- 
nitudes were taken from lLandoltl (|1992t ). The predicted 
flux of the stars in Ha and [O in] was found by normaliz- 
ing a stellar spectrum to each of the known B-, R- 1 and 
/-band magnitudes in turn, each time extrapolating the 
flux to the Ha and [O in] wavelengths. The results using the 
three different broadband magnitudes were consistent with 
each other, and the calibration factors obtained for each 
of the three stars were also consistent. After taking the 
filter transmission into account, we found the calibration 
factors to be (1.06 ±0.06) x 10 -15 erg cm -2 count -1 for the 
Ha images and (1.01 ± 0.06) x 10 -15 erg cm -2 count -1 for 
the [O in] images. The errors represent the standard devia- 
tion of the values for the three stars and do not account for 
potential systematics. 

The Ha and [O in] emission we observe from the various 
galaxies only spans a narrow range of wavelengths com- 
pared to the width of the filters. On the other hand, the 
flux from the calibration star was continuum emission, and 
therefore filled the whole filter. Therefore, before applying 
the calibration factor to the emission maps, we corrected 
for the filter transmission at the expected wavelength of the 
emission lines of the various galaxies. The expected wave- 
length of the Ha and [O in] lines were found by using the 
recession velocities of the galaxies. The [O in] emission line 
is actually a doublet, which means that the correction factor 
was found by taking the two lines into account (we assumed 
the A4959/[0m] A5007 ratio to be 1/3). 

The total Ha and [O in] flux of each galaxy was deter- 
mined by summing up the positive counts in a rectangu- 
lar aperture enclosing the galaxy. We subtracted any re- 
maining contributions from stars enclosed in the aperture. 
The Ha and [O in] fluxes for our sample are presented in 
Table [3] To check our calibration and continuum subtrac- 
tion method, we compared our Ha fluxes for five galax- 
ies with previously p ublished values (jColbert et all 11993 ; 
iLehnert fc Heckmanl . Il996bl ). The comparison is summa- 
rized in Table 2] The published Ha luminosities are in 
fairly good agreement with our values, with on average 
log(i us /Liit) = —0.12 ± 0.09. This is probably a fair as- 
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Fig. 3. Broadband to narrowband ratios of the foreground stars in the field of view of UGC 12282. The shaded region 
marks the 1 a scatter. The R/Ha ratio is shown in the left panel, whereas the B/[0iii] ratio is shown in the right panel. 
The ratios are in counts with exposure times scaled to correspond to the Ark 79 values. 



Fig. 4. Broadband to narrowband ratios for all galaxies in Ha (left) and [O in] (right). The thin lines shows the median of 
the ratio for the non-NGC galaxies, observed in the first run, and the median of the ratio for the NGC galaxies, observed 
in the second run with a different filter. The ratios are in counts with exposure times scaled to correspond to the Ark 79 
values. 



Table 

values 



4. Comparison of Ha luminosities with literature 2.3.5. Detection Sensitivity 



Galaxy 


log L (Ha) 


log Liit(Ha) 


(1) 


(2) 


(3) 


Mrk993 


40.68 


40.87 a 


Ark 79 


40.99 


40.95 a 


NGC 3079 


40.90 


41. 06 b 


NGC 4235 


40.20 


40.38 a 


IC 1368 


40.47 


40.56 a 



Notes: Column (1) lists the galaxy name. Column (2) lists our 
total Ha luminosity and column (3) lists the total Ha luminosity 
quote d in the literature, ( a) Data taken from [Colbert et al.l 
(1996), (b) Data taken from lLehnert fc Heckmanl (|1996bf l~ 



sessment of the accuracy of our absolute flux calibration, 
including both random and systematic errors. We did not 
find any published [O in] luminosities for any of the galaxies 
in our sample. However, the absolute flux calibration of the 
Ha and [O in] data was carried out in an analogous fashion. 
So we expect the uncertainties in both to be comparable. 



To calculate the sensitivity of our observations for detection 
of faint low surface brightness emission we quantified the 
noise in the final emission- line maps. We did this using two 
separate methods. 

In the first method we calculated the noise on the ba- 
sis of statistical considerations, using the known sky back- 
ground, detector properties and observational setup. The 
values of the sky background computed for the sky sub- 
traction (see Section 12.3. 1[) were converted from counts 
to electrons using the gain values listed on the BUSCA 
webpage (see footnote 1); i.e., 1.2136e _ /count for the 
B and [O in] images, and 2.9674e~/count for the R and 
Ha images. The result was used to estimate the contribu- 
tion to the noise from Poisson statistics in the final broad- 
band and narrowband images. To this we added in quadra- 
ture the contribution from read-noise, taking into account 
the number of exposures. The detector read-noise values 
are also given on the BUSCA webpage; i.e., 6.37 e~ for the 
B and [Oin] images, and 7.60 e~ for the R and Ha images. 
The results were used to estimate the l-cr noise level in elec- 
trons per pixel in each final continuum-subtracted emission- 
line image. These were used to calculate the noise in elec- 
trons per square arcsec, using the known pixel size and 
the fact that noise from co-added independent pixels adds 
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Table 3. Ha and [O in] fluxes and luminosities of the galaxies 
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NGC 3735 


9.04x10" 


13 


41.15 


2.47x10 
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40.58 


NGC4235 


1.26x10" 


13 


40.20 
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39.89 


NGC 4388 
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41.33 


NGC 4565 
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UGC 12282 
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14 
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Notes: Column (1) lists the galaxy name. Column (2) lists the total Ha flux and column (3) lists the corresponding luminosity, 
assuming the distances quoted in Table[T] Similarly, columns (4) and (5) list the total [O ill] fluxes and luminosities. For NGC 5866 
no accurate flux measurements were possible, so we did not list any. 



in quadrature. The results were transformed to units of 
ergss -1 cm" 2 arcsec -2 using the detector gain values and 
the flux calibrations described in Section 12.3.41 The pre- 
dicted l-<7 noise values for the Ha and [O in] emission-line 
maps are listed in Table [5] 

In the second method for estimating the noise in the 
emission-line maps we used the histogram of the pixel 
values in an "empty" region of each emission-line map 
(i.e., away from the galaxy, bright stars, ghosts, and de- 
tector artifacts). We measured the FWHM and divided 
by 2.355 to obtain an estimate of the 1-a noise level 
in counts per pixel (a Gaussian distribution has a = 
FWHM/2.355; basing the calculation on the FWHM value 
rather than the second moment has the advantage of ro- 
bustness against outlier pixels). This was transformed to 
units of ergss -1 cm" 2 arcsec -2 in the same manner as for 
the first method. The measured 1-a noise values for the 
Ha and [O in] emission-line maps are also listed in Table [S] 
The second method has the advantage that it takes into 
account potential additional sources of noise that cannot 
be accounted for by idealized statistical calculations (e.g., 
flat-fielding errors). However, the predicted and measured 
values are overall in very good agreement, which gives extra 
confidence in the results. 

The Ha and [O in] narrow-band observations contribute 
roughly twice as much noise to the final emission-line maps 
as the scaled R and £>-band images. The main contrib- 
utor to the noise in the Ha and [O in] narrow-band im- 
ages is the Poisson noise from the background, which 
is on average two to four times as large as the con- 
tribution from the readout noise. The galaxy with the 
lowest predicted and measured noise level in both the 
Ha and [O in] emission line maps is UGC 12282, with a pre- 
dicted 1-a noise level of 8.56 x 10 -18 ergs s"" 1 cm"" 2 arcsec -2 
in Ha and 1.59 x 10 -17 ergs s _1 cm -2 arcsec -2 in [Oni]. 
The galaxy with the highest noise level is NGC 4388, 
since for this galaxy only one frame was available in 
each filter. The predicted 1-a noise levels for this galaxy 
are 3.10 x 10~ 17 ergs s _1 cm -2 arcsec -2 in Ha and 4.43 x 
10 - 17 ergs s -1 cm -2 arcsec -2 in [Om] . 



We take three times the predicted 1-a noise level for 
each emission line map as a measure of our final sensitivity 
for detection of faint low surface brightness emission. The 
3-a detection sensitivities thus obtained for each galaxy are 
also listed in Tabled The median sensitivity over the sam- 
ple is 3.6 x 10 -17 ergss -1 cm -2 arcsec -2 for the Ha images 
and 6.9 x 10 -17 ergss -1 cm -2 arcsec -2 for the [O in] images. 
The Ha intensity / can be directly transformed into a line 
emission measure (EM) , which is defined as the line-of-sight 
integral over the squared electron density. For an ionized re- 
gion tha t is thick to Lym an lines (case B recombination) 
one has ()Revnolds I . Il992l ) that 

EM / I W T \ 

cm -6 pc \ 2.0 x 10 -18 ergss -1 cm -2 arcsec -2 / \10 4 K/ 

So if we assume an e lectron temperature T w 8000 K as in 
IVeilleux et al.l (|1995h . then our median sensitivity limit for 
Ha corresponds to 22 cm -6 pc. 

The quoted sensitivities refer to detection over an area 
of 1 square arcsec. If one averages over larger areas then 
one can potentially see fainter emission, but there will be 
less information on spatial detail. Point-source sensitivities 
(which are of less interest in the context of the present 
paper) are similar to the values listed in Table [5l given that 
the seeing FWHM of most observations was close to 1 arcsec 
(see Tabled]). The quoted limits do not take into account 
the noise and subtraction problems associated with galaxy 
continuum light. Given the edge-on viewing of the galaxies, 
the limits therefore apply to high-latitude emission-line gas 
only. 

Our sensitivity limit s are comparable to those deter- 
mined for NGC 3079 by IVeilleux et all (|1994| . I1995D . who 
quote ~ 3 x 10 -17 ergss -1 cm -2 arcsec -2 . Our sensitivi- 
ties are al so sim i lar to those achieved in the study of 9 
galaxies bvlRand (1996), who obtained observations with a 
comparable instrumental setup. Of course, pointed stud- 
ies of individual ga laxies with 8m-class telescopes (e.g., 
lYoshida et all |2002[) or detailed Fabry-Pero t studies on 
4m-class telescopes (e.g.. IVeilleux et al"ll2003l ) can achieve 
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higher sensitivities than those obtained here. For compari- 
son, for NGC 4388 our observations are a factor of four and 
ten ([O in] and Ha , respectively ) less sensitive than th e very 
deep SUBARU observations bv lYoshida et all (|2002f ). (But 
our Ha sensitivity for this galaxy is low by a factor 2.6 rela- 
tive to the median for the other galaxies in our own sample, 
due to the fact that we had only one exposure available.) 

2.3.6. The ionization maps 

Finally, [O in] /Ha ionization maps were constructed using 
the following procedure. First, the average remaining back- 
ground value was subtracted from each Ha and [O in] map. 
This was done since in some cases the background value 
was not exactly zero, due to the process of combining the 
broadband and narrowband frames. We then performed a 
basic 1 a clipping, by setting all pixels with count values 
lower than 1 a of the background to zero. This included any 
negative count values. This was necessary in order to avoid 
divisions by very small numbers found in noise, which if di- 
vided by, would lead to values of the [O Hi] /Ha ratio larger 
than the actual signal itself. Following this, we divided the 
[O in] image by the Ha image in order to obtain the final 
ionization maps. We then applied a 3 x 3 median box filter 
to the ionization maps in order to reduce the no i se. Thi s 
approach is similar to the method used by iPogge (1988a). 
In Section |4"T1 we discuss the results of the ionization maps, 
presented in Section O 

3. Results 

In the following descriptions, we quote angular separations 
and sizes of interest, and in each case we quote in brackets 
the corresponding projected physical sizes, assuming the 
distances given in Table [TJ 

3.1. Mrk993 

Mrk 993 (Figure [5]) appears to be a relatively featureless 
spiral in the i?-band. The Ha map shows emission from the 
nucleus, H n regions scattered througho ut the disk (as pre- 
viously observed bv lColbert et al.l ll~996). and traces of dif- 
fuse emission between the compact emission regions. The 
Hll regions are visible out to 53" (16.0 kpc) to the NE 
and 64" (19.3 kpc) to the SW of the nucleus. Also visi- 
ble is an Ha emitting ring-like structure of radius ~ 14" 
(~ 4.2 kpc) around the nucleus. Most of the emission vis- 
ible in the [O in] map originates from the nucleus of the 
galaxy, and none of the widespread emission seen in Ha is 
seen in [O in] . No extraplanar Ha em ission is observed, in 
agreement with IColbert et all (|1996[ ). and no extraplanar 
[O in] emission is observed. 

3.2. Mrk 577 

The disk of Mrk 577 (Figure[6]) is remarkably featureless in 
the i?-band, and only the nucleus is visible in the Ha and 
the [O in] maps. The nucleus in the Ha map is slightly offset 
in the NW direction compared to the brightest peak in 
the i?-band. This may be due to dust extinction in the 
circumnuclear environment. No planar or extraplanar Ha or 
[O in] emission is observed for this galaxy. Therefore, only 
the nucleus is present in the ionization map. 



3.3. UGC1479 

The i?-band image of UGC 1479 (Figure [7]) appears rela- 
tively featureless apart from the prominent nuclear region. 
The Ha map clearly shows emission from two spiral arm-like 
structures, as well as extended emission from the nucleus. 
The morphology of the latter is reminiscent of a bar join- 
ing the base of the two spiral arms. Diffuse Ha emission is 
observed only within the disk, and extends 32" (10.2 kpc) 
to the N and 25" (8.0 kpc) to the S of the nucleus. The 
[O in] map also reveals emission from the nucleus, and faint 
diffuse emission from the disk, which seems offset to the 
E, possibly due to inclination effects. However, this diffuse 
emission may also be due to residuals from the continuum 
subtraction. No extraplanar emission is seen in cither Ha or 
[O in] . The black oval region seen in the i?-band frame is a 
reflection from a bright star (see Section l"2. 3. 2|) . It appears 
as a white oval in the Ha image due to the continuum sub- 
traction process. 

3.4. Ark 79 

The i?-band image of Ark 79 (Figure [5} shows one nucleus 
and a structure which may be a faint inner bar. The nu- 
cleus is the main contributor to the emission in the Ha and 
[O in] maps. When shown on a suitable greyscale, the nar- 
rowband maps reveal two components to the nucleus (see a 
zoomed-in version of the nuclear region in Figure [9]). The 
brightest peak in Ha is located to the E, centered on the 
broadband peak, and the fainter one is offset to the W. 
However, the two components have a similar brightness in 
[O in] , meaning that the [O in] /Ha ionization ratio will be 
much larger for the offset peak compared to the actual cen- 
ter of the galaxy. The separation between the two compo- 
nents is 2" 5 (850 pc). This is the first reported detection of 
a two component nucleus in Ark 79. Ha and [O in] emission 
is also seen extendin g into the disk, and re sembles the mor- 
phology observed bv lColbert et alj (|1996h . No clear extra- 
plan ar emission is visible on large scales, also in agreement 
with IColbert et alj (|l996fl . 

3.5. Mrk 1040 

Our broadband image (see Figure fTO]) shows the pres- 
ence of a companion galaxy 18" to the N of the nucleus 
of Mrk 1040, which may be in t he process of merging . This 
was also previously reported bv lColbert et al.1 (|l996t ). The 
Ha emission from the Hll regions in the disk of Mrk 1040 
outlines a complex spiral arm structure, with bright H n re- 
gions seen as far out as 119" (38.4 kpc) to the E of the nu- 
cleus, and 86" (27.8 kpc) to the W. This asymmetry could 
be explained by interactions with other galaxies such as the 
northern companion. The nucleus of Mrk 1040 and that of 
the companion galaxy, as well as one region in the spiral 
arms 32" (10.3 kpc) to the W of the nucleus of Mrk 1040 
are strong Ha and [O in] emitters (a closeup view is shown 
in Figure lll[) , and there is a possible a ring- like structure 
of radius 20" (6.5 kpc) around the nucleus in Ha . The re- 
maining fraction of the [O in] emission originates from faint 
diffuse emission in the spiral arms. No evidence for extrapla- 
nar emission is found in either Ha or [O in] . The ionization 
map shows mainly the two galactic nuclei and the bright 
H II region within the spiral arm. 
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Fig. 5. Broadband, narrowband images and ionization map of Mrk993. Ha (upper left), [Om] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 



3.6. UGC2936 

Our i?-band image of UGC 2936 (Figure H"2"]) reveals the 
nucleus and H n regions along spiral arms. These are clearly 
visible in the Ha map, and are seen scattered throughout 
the disk out to 68" (16.7 kpc) to the NE and 58" (14.3 kpc) 
to the SW of the nucleus. A few faint clustered H n regions 
are visible beyond what seems to be the rim of the outer 
spiral arm. The [O in] map is remarkably featureless, apart 
from emission from the nucleus. 

3.7. NGC3079 

Many dusty regions and strong H n regions are visible 
in the i?-band image of NGC3079 (Figure Q3J}. Our 
Ha image shows emission-line regions scattered through- 
out a warped disk, as well as a super bubble in the nuclear 
region. Both the super bubble (e.g., IVeilleux et all [l994; 
I Cecil et all. 120011 l2002ft and the fueling of acti ve nucleus 
(e.g.. lVeilleux. Bland-Hawthorn, fc Cecil . ll999bl ) have been 
the subject of several previous studies. An enlargement of 
the inner central region of NGC 3079, tracing the super- 
bubble and the outflow cone, is shown in Figure [14] The 
fainter extraplanar gas and large-scale outflows emanating 



from the disk are shown in an enhanced contrast Ha map 
(see Figure [T5")) . It is interesting to note that all the gaseous 
outflows and extraplanar diffuse emission are only observed 
to originate within ~ 70" (5.1 kpc) on either side of the nu- 
cleus. Beyond this radius, the Ha emission simply shows 
bright Ha emission from clumps within the disk, and no 
extraplanar diffuse emission. 



The large-scale outflows extend as far out as ~ 185" 
(for the NE filament) from the disk midplane (~ 13.5kpc). 
The large-scale filaments point radially away from regions 
in the disk of the galaxy rather than away from the nu- 
cleus, and seem t o trace an X-structure . This was previ- 
ously observed by iHeckman et all (|1990f) in Ha (altho ugh 
in a smaller field of view), and bv lStrickland et all (|2004l ) in 
X-ray. Such a morphology is reminiscent of the X-stru cture 
observed in NGC 5775 fe.g.. lRossa fc Dettmarl . l2003bf) and 



NGC 4666 (jDahlem et all . 11997ft . which are starburst galax- 
ies. Out Ha image shows the most extended emission, and is 
the deepest and largest field of view image of NGC 3079 to 
date. The SW outflow seems well collimated, and extends 
out to ~ 125" (9.1 kpc). However, we note, that the feature, 
resembling an outflow to the SE (between the galaxy and 
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the bright star) is a diffraction spike of the stellar image 
(see also bottom right panel of Figure [5]). 

The [O in] image shows emission from compact regions 
throughout the disk, with the strongest emission occurring 
to the N of the nucleus. This region of high [O in] emission 
seems to be close to the base of one of the disk outflows. The 
brightest [O in] regions are not associated with the nucleus, 
which is most likely due to heavy dust extinction close to 
the nucleus. 

3.8. NGC3735 

Strong emission from many compact regions in the disk, 
diffuse emission between these regions, and emission from 
an extended region around the nucleus are clearly visible 
in the Ha map (Figure [T6|) . The [O in] map shows a few 
compact regions, most of which are off-planar and have 
counterparts in the Ha map. As shown in high contrast 
Ha and [O in] maps (Figure [T5f , possible extraplanar re- 
gions emitting in [O in] , but barely visible in Ha , are seen 
38" (6.6 kpc) to the NE and 27" (4.7 kpc) to the SW of the 
nucleus. The high inclination of the galaxy makes these re- 
gions more likely to be extraplanar than in the galactic disk. 
The diffuse emission visible in the high-contrast Ha map 
could, combined with these extraplanar [O III] regions, be 
signs of minor-axis outflows. 

3.9. NGC4235 

The i?-band image of NGC 4235 (Figure ED reveals a 
bright nuclear region, with a faint dust lane visible on ei- 
ther side of the nucleus. All of the Ha and [O in] emission 
originates from the n ucleus. This i s in agreemen t with 
previous observat i ons (iPoggd . 119891 : IColbert et all . [l996; 
iRossa fc Dettmarl l2003bl ). Absorption due to the dust lane 
is visible to the NW of the nucleus in both narrowband 
images. The absence of Hn regions in the disk and the 
absence of extrap l anar emission in both maps is in agree- 
ment with iPoggej (|1989f), although deeper observations by 
IRossa fc Dettmarl (]2003bf ) reveal faint extended emission in 
Ha. 



outflows to the N and S, corresponding to those seen in Ha , 
and diffuse emission from the western spiral arm. By and 
large, the nuclear region looks more complex in [O in] than 
it does in Ha . 

3.11. NGC 4565 

The i?-band image of this highly-inclined Seyfert galaxy 
(Figure |2"0|) reveals a very prominent dust lane. Single 
chimney-like dust structures protrude from the northern 
plane perpendicular to the disk into the disk-halo inter- 
face. The Ha map of NGC 4565 shows clumpy emission 
line regions and diffuse ionized gas scattered through the 
disk. No extraplanar Ha emission is observe d, in agree- 
ment with previous observations performed bv lRand et alj 
(|1992| ). However, there is possible evidence for some faint 
filaments. The brightest regions to the SE of the nucleus, 
as well as a few other emission regions in Ha have coun- 
terparts in the [O in] image. The disk region that displays 
the strongest [O in] emission, is shown in Figure [2U The 
brightest [O in] source is an off-planar H II region, located 
to the N of the disk. The bulge is clearly not perfectly sub- 
tracted in the overall [O III] image, and this leads to some 
spuriously low values in the ionization map. 

3.12. NGC 5866 

The i?-band image of NGC 5866 (Figure l2"2"]) shows a promi- 
nent bulge and a dust lane. Unlike other galaxies in our 
sample, no clumpy H II regions are seen in Ha . The diffuse 
Ha emission is partially obscured by the prominent dust 
lane and is asymmetric with respect to the plane of the 
disk. The [O III] emission is also partially obscured by the 
dust lane, and does not display any clumpy regions. It is 
not clear whether the diffuse emission seen on either side 
of the dust lane in Ha is a real feature and whether this 
contains evidence for any outflows. More likely its presence 
is artificial due to difficulties associated with the contin- 
uum subtraction. The continuum subtraction proved very 
delicate for this galaxy and therefore we do not present any 
flux or ionization ratio measurements. 



3.10. NGC 4388 

The i?-band image of NGC 4388 (Figure [T5| show a com- 
plicated morphology, where the spiral arms are prominently 
featured in this highly inclined galaxy. Also present arc 
several circumnuclear dusty regions. The narrowband im- 
ages, however, show a much more intriguing morphology. 
NGC 4388 is o ne of the best studied cases of minor axis 
outflows (e.g., [Poggj [1988bl. Il989t IVeilleux et all. Il999at 
Veilleux. Bland-Hawthorn, fc Cecil Il999bl : lYoshida et all 
2002; IVeilleux et aUl2003l ). Our Ha map shows evidence for 
spiral arms with a number of H n regions, as well as the nu- 
cleus whose morphology is reminiscent of a bar joining the 
base of the two spiral arms. Also visible in the high-contrast 
image shown in Figures [15] and [TO] (zoom-in) are the out- 
flows extending 57" (4.6 kpc) to the N and 31" (2.5 kpc) to 
the S of the midplane of the galaxy. These are only small 
sections of the large-scale outflows w hich extend out to dis - 
tances of 35 kpc from the nucleus (|Yoshida et all [2002). 
The [O in] map shows strong emission from the nucleus, 
which extends in the southern direction. Also visible are 



3.13. IC1368 

The i?-band image of IC 1368 (Figure |2"3"]) shows an X- 
shaped re gion of possibly clust ered Hil regions. In agree- 
ment with IColbert et all (|1996f ). we find that the Ha image 
shows a nucleus extended in the minor axis direction. 
Furthermore, we find evidence for a cone-like structure at 
the NW tip of the nucleus. In addition to faint diffuse emis- 
sion from the disk, the Ha emission map shows possible ev- 
idence for two spiral arms containing a few bright Hil re- 
gions. The [O in] image shows a bright nucleus surrounded 
by two strong absorption features, as well as diffuse disk 
emission. 



3.14. UGC 12282 

The i?-band image of UGC 12282 (Figure [24]) shows some 
dusty regions in between the modest H n regions outlining 
the spiral arms, which are partially visible in this inclined 
spiral galaxy. The Ha map shows emission from H n regions 
scattered in the disk as well as from the nucleus. A ring of 
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enhanced Ha emission with radius 23" (7.6 kpc) is also vis- 
ible. The [O in] map does not show much emission outside 
the nucleus. 

4. Discussion 

4.1. The ionization maps 

One of the important diagnostics for unraveling the ex- 
citation mechanisms in galaxies is the use of emission 
lines of various excitation levels. In one-dimensional space 
(i.e. derived from longslit spectra) various measured line 
ratios (e.g., [Nil] /Ha or [Oiii]/H/3) can be used to dis- 
criminate between AGN, LINER, or Hll emission line re- 
gions, making use of w e ll kno wn diagnostic diagrams (e.g., 
IVeilleux fe Osterbrockl Il987l ). The advantage of emission 
line imaging is that it provides two-dimensional coverage. 
Therefore, we get an excitation map as a function of the 
position within the galaxy (i.e. for individual regions of in- 
terest) and for each covered pixel of the entire galaxy in 
general. The emission lines used in our study are some of the 
most prominent ones seen in Seyfert galaxies in the optical 
regime, Ha and [O in] . We created the [O in] /Ha ionization 
maps, shown in the lower right hand panels of Figures [5] to 
[24l These maps might have been very useful in the char- 
acterization of any newly detected outflows. However, we 
did not find any new outflows but merely confirm the al- 
ready well-studied outflows in NGC3079 and NGC4388. 
Therefore, our [Olll] /Ha maps did not provide much new 
insight in the end, except in the cases which had previously 
only be studied in Ha . Nonetheless, we briefly discuss them 
here for completeness. 

The majority of our ionization maps are restricted to 
the nuclear and circumnuclear region, as our sensitivity did 
not reveal much [O in] emission within the disk. However, 
a few galaxies did reveal off-planar emission and disk emis- 
sion line regions. In most cases, though we find that it is 
related to Hn regions and not to diffuse emission orig- 
inating from outflows. The sole exceptions are the well 
studied spirals NGC3079 and NGC4388. In the case of 
NGC3079 the nuclear superbubble is prominently visible 
in the [O III] /Ha ionization map, which has values of about 
0.2 to 0.4. Values of the ratio are higher in the disk, where 
[O in] emission is quite strong locally, ranging from about 
0.3 to 1.0, with peaks reaching 1.4 or more in some places. 
By and large the northern part of the disk has the strongest 
regions (high values of [O in] /Ha ~ 0.7), whereas the south- 
ern part of the disk regions has considerably lower values 
([Om]/Ha~ 0.3). 

In the case of NGC 4388 the ionization map shows a 
'cone' of ionizat i on to th e S, in agreement with the measure- 
ments of |Pogge[ t]j> 88b|). Sp ectra and diagnostic line ratios 
presented by iPoggd (|l988bf ) showed that the nucleus and 
the circumnuclear regions can be described by photoioniza- 
tion of the central power-law continuum. In the ionization 
cone we find [OniJ/Ha^ 1.9 towards the center of the 
galaxy. It decreases to 1.4 and increases again to 2.4 fur- 
ther out from the center. The diffuse emission, visible in the 
two regions at greater extraplanar distances to the N, has 
much larger ionization values, roughly 2.6±0.7 in the upper 
region, and 4.3±0.9 in the lower region, both indicative of 
shock- ionization. 

In the case of Ark 79, the [Oin] /Ha ratio has a value 
of about 0.5 for the eastern main nucleus, and about 1.2 



for the offset secondary nucleus. The nuclear region of 
Mrk 1040 has a value of 0.2 to 0.3, with the most promi- 
nent region in the disk of this galaxy having similar ratios 
of 0.3 to 0.4. This is lower than the [O in] /Ha ratio of the 
companion galaxy, which is 0.6. 

The emission-line regions seen in the disk of NGC 3735 
all have values below 0.7. We note that the [O in] /Ha ratio 
in the possible extra-planar H n regions cannot be measured 
due to a too low signal-to-noise ratio. The [O in] /Ha ratio 
in the disk of NGC 4565 does not exceed 1.0 in regions 
where [O in] emission is detected. The majority of the de- 
tected regions have [O in] /Ha < 0.7. 

The nuclear region of Mrk 577 has [O in] /Ha values in 
the range of 0.8 to 1.0. In Mrk 993, the value of the ratio 
varies between 0.2 and 0.9 in the nuclear region, with the 
innermost region having values closer to 0.6. In UGC 1479, 
the [Om] /Ha ratio varies between 1.0 and 1.4 in the nu- 
cleus. Finally, in UGC 2936 the values of the ratio are close 
to 0.5 in the nuclear region. However, these values should 
be treated with caution, since the bright nucleus of some of 
the galaxies is the most sensitive region for the continuum 
subtraction, and the [O in] or Ha emission seen in the nuclei 
may be an artifact thereof. The nucleus of NGC 4235 has 
[O in] /Ha ~ 0.5, and this is the only region detected in the 
ratio map. 

For NGC 5866 and UGC 12282 the nuclear regions 
proved unsuitable for the ionization map to permit any 
meaningful measurement of the ratio, and in IC 1368 poor 
S/N also prevented any confident measurement. 

4.2. Nuclear versus minor axis disk outflows 

The majority of the galaxies studied in this sample show 
strong nuclear emission, as expected for Seyferts. All but 
two galaxies (NGC 4565 and NGC 5866) show relatively 
strong nuclear emission in Ha , and most in [O in] too. The 
two reported exceptions both have a very prominent dust 
layer, which causes considerable extinction. Four galaxies 
(Ark 79, NGC 3079, NGC 4388 and IC 1368) have complex 
circumnuclear emission line regions. In contrast, UGC 1479, 
Mrk 1040, NGC 3079, NGC 3735, NGC 4388, NGC 4565 and 
IC 1368 show off-nuclear (extraplanar) emission line re- 
gions. However, not all (e.g., UGC 1479 and Mrk 1040) show 
diffuse extraplanar emission A comparison of the relation 
between star formation rate per unit area with dust t emper- 
ature is shown in Figure [55] (see iRossa fc Dettmarl (|2003al ) 
for more general details). The Seyfert galaxies behave some- 
what differently in terms of the location within this dia- 
gram than the non-Seyfert galaxies. The majority of the 
Seyferts (nine versus three) for which FIR data are avail- 
able, show strong nuclear emission, but have no extended 
diffuse ionized gas (DIG). This is true even at high FIR 
luminosity per unit area and high dust temperature. By 
contrast, in non-Seyfert galaxies this almost uniquely indi- 
cates the presence of extraplanar DIG, expelled from the 
activ e SF regions in the disk into the halo of these galaxies 
fe.g.. iLehnert fc Heckmanl 119951 : IRossa fc Dettma"rT l2003a; 
iMiller fc Veilleuxi . l2003ll This result is probably not an 
artifact of differences in sensitivity for detection of DIG 
betwee n the present study and that of IRossa fc Dettmarl 
(2003a). Both studies used telescopes of similar size with 
similar observational parameters. Most Seyfert galaxies 
studied here show no evidence for extended emission line 
regions in both Ha and [O in] . The activity is solely re- 
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Fig. 25. Diagnostic diagram for extraplanar diffuse ionized gas, originating fro m disk outflows in t o the halo of the 
galaxy, including the Seyfert galaxies studied here (adapted and expanded from iRossa fe Dettmarl (|2003al )). It shows 
the star formation rate per unit area as a function of the IRAS flux ratio (log Sqo/Sioo), which is a proxy for the warm 
dust temperature. Filled symbols indicate galaxies with detected extraplanar diffuse ionized gas, open symbols denote 
those without. For two of our studied Seyfert galaxies (Mrk577 and Ark 79) there were no FIR measurements available. 
Therefore, no data points a re plotted for these two objects. The square symbols denote t he starburst galaxies studie d by 
iLehnert fc Heckmanl (|1995l ). the small hexagons denote non-starburst galaxies stu died by Rossa & Dcttmar (2003a) and 
the triangles indicate data points for non-starburst galaxies studied by others (see lRossa fc Dettmarl ( 2003al ) for details). 



strictcd to the nuclear and circumnuclear environment. 
Only NGC 3079, NGC 3735 and NGC 4388 show extended 
DIG emis sion. NGC 3079 is also known to have a central 
starburst (| Cecil et all |2002[) in addition to its Seyfert nu- 
cleus, and that may explain why extended emission is de- 
tected. NGC 4388 is a galaxy experiencing ram pressure 
stripp ing in the Virgo cluster environment (jKennev et all 
120041) . which may be a primary contributor to its very ex- 
tended emission line regions especially far from the nu- 
cleus. So overall it appears that star formation is the 
primary mechanism producing extended DIG around the 
spiral galaxies studied by the present study and that of 
IRossa fc Dettmarl (|2003al ). In general, AGN activity un- 
doubtedly plays some role in driving minor-axis outflows. 
However, this probably requires higher luminosities than 
are encountered in our small distance-limited sample. 



For Ark 79, which was classified as a type 2 Seyfert 
galaxy (jOsterbrock fc Phillips! . I1977D . we find evidence for 
a secondary nucleus with a separation of « 2'.' 5, which 
is clearly visible in the [O in] image, but only faintly in 
the Ha image. The two detected components are aligned 
roughly along the major axis of the disk. As it is barely de- 
tected in Ha , the sec ondary component w as undetected in 
previous studies (e.g.. IColbert et allll996l ). The projected 
distance corresponds roughly to 850 pc. This is the only 
case in our sample which shows a two-component structure 
of the nuclear region. Apart from this we find at least two 
more cases with extended circumnuclear regions. NGC 4388 
shows a relatively complex circumnuclear region, specifi- 
cally in [O III] , in ag r eement with p revious studies (e.g., 
IVeilleux et ail |1999at lYoshida et ail . 120021) . An extended 
cone-like nuclear outflow region is detected in IC 1368. This 
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is reminiscent of a downsized version of a prominent star- 
burst cone. 



5. Summary 

We have observed a distance limited sample of 14 nearby 
edge-on Seyfert galaxies with narrowband imaging in 
Ha and [O in] to study the role of the active nucleus 
and SF regions within the disk for the IGM enrichment. 
Because of the distance-limited nature of the sample, it 
is restricted to relatively low-luminosity Seyfert galax- 
ies. The median 3-ct sensitivities for detection of high- 
latitude extended emission in the sample galaxies are 
3.6 x 10 _17 ergss _1 cm -2 arcsec~ 2 for the Ha images and 
6.9 x 10 -17 ergss -1 cm -2 arcsec -2 for the [O in] images. The 
studied galaxies show a variety of emission line features. 
The majority, however, reveal only emission in the nuclear 
and circumnuclear environment at the sensitivity of our 
observations. Extraplanar emission from strong SF regions 
in the disk is only observed in three cases (NGC3079, 
NGC3735 and NGC4388), with filaments reaching dis- 
tances of up to 13.5 kpc above/below the disk in NGC 3079. 
Single very faint filaments also seem to originate from 
strong SF disk regions in NGC 4565, although only to 
much lower galactic latitudes. In Ark 79 we detect a sec- 
ondary nuclear component, most prominently seen in the 
[Om] image. The two components are separated by 850 pc. 

Whereas the Ha emission often shows a variety of dis- 
crete features (filaments, emission line cones, Hn regions), 
the [O in] emission distribution is, with very few exceptions, 
mainly restricted to the nucleus and in a few cases to the 
circumnuclear environment. This is probably due to our 
limited sensitivity, combined with the fact that extended 
gas, except in very exceptional circumstances, is expected 
to be relatively low-excitation (based on ionization parame- 
ter arguments considering low-density gas very far from an 
AGN). In total we detected large scale minor axis outflows 
only in three of the studied 14 galaxies. The correspond- 
ing detec tion rate of 2 1 % is similar to the detection rate 
found bvlColbert et alj l| 19961 ). which is 27%. The study of 
iVeilleux et al.l (|2003h had higher sensitivity than both of 
these studies. However, the results of this latter paper can- 
not be used for statistical purposes because their sample 
was pre-selected to contain objects with known ionization 
cones and/or galactic winds on a roughly kiloparsec scale. 

Overall, our results show that extraplanar emission of 
similar brightness and extent as in the previously known 
cases of NGC 3079 and NGC 4388 is not common in Seyfert 
galaxies of otherwise similar properties. In both these galax- 
ies there are external effects, such as a starburst wind 
or ram pressure stripping, that might e ffect the extended 
emissio n. Comparison with the results of lRossa fc Dettmarl 
( 20033) shows that for nearby edge-on spiral galaxies star 
formation may be a more powerful mechanism for produc- 
ing DIG than AGN activity. In general, AGN activity un- 
doubtedly plays some role in driving minor-axis outflows. 
However, this probably requires higher AGN luminosities 
than are enountered in our small distance-limited sample. 
Future studies with larger telescopes and better sensitivity 
will be helpful to shed more light onto the role of minor 
axis disk outflows in edge-on Seyfert galaxies. 
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Table 2. Journal of observations 



Galaxy 


Date 


A (Ha J 


A \ / TT \ 

AA (Hq ) 


icxp (Ha& R) 


A ([Om]) 


A \ ( \f~\ T-r-r 1 A 

AA ([O Illj J 


toxp ([Om] & B) 


Seeing 




[mm-dd-yyyy] 


[A] 


[A] 


[sec] 


[A] 


[A] 


[sec] 


[arcsec] 


(!) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


Mrk993 


10/28/2002 


6667 


76 


6 x 1200 
3 x 300 + 1 x 600 


5066 


104 


6 x 1200 
3 x 300 + 1 x 600 


1.1 


Mrk577 


10/29/2002 


6667 


76 


6 x 1200 
3 x 600 


5066 


104 


6 x 1200 
3 x 600 


0.9 


UGC 1479 


10/30/2002 


6667 


76 


3 x 2400 
3 x 600 


5066 


104 


3 x 2400 
3 x 600 


1.0 


Ark 79 


10/28,30/2002 


6667 


76 


6 x 1200 
2 x 600 


5066 


104 


6 x 1200 
2 x 600 


1.3 


Mrk 1040 


10/30/2002 


6667 


76 


1 x 1200 + 2 x 2400 
2 x 600 


5066 


104 


1 x 1200 + 2 x 2400 
2 x 600 


1.3 


UGC 2936 


10/29/2002 


6667 


76 


6 x 1200 
2 x 600 


5066 


104 


6 x 1200 
2 x 600 


0.9 


NGC 3079 


04/05/2003 


6575 


93 


4 x 1800 
2 x 600 


5007 


87 


4 x 1800 
2 x 600 


1.6 


NGC 3735 


04/06/2003 


6575 


93 


3 x 2400 
2 x 600 


5007 


87 


3 x 2400 
2 x 600 


1.3 


NGC 4235 


04/05,06/2003 


6575 


93 


2 x 1200 + 2 x 2400 
3 x 600 


5007 


87 


2 x 1200 + 2 x 2400 
3 x 600 


1.5 


NGC 4388 


04/05/2003 


6575 


93 


1 x 2400 

1 X OUU 


5007 


87 


1 x 2400 

1 X OUU 


1 1 

1.4 


NGC 4565 


04/05/2003 


6575 


93 


4 x 1800 
2 x 600 


5007 


87 


4 x 1800 
2 x 600 


1.6 


NGC 5866 


04/05,06/2003 


6575 


93 


1 x 1800 + 2 x 2400 
2 x 600 


5007 


87 


1 x 1800 + 2 x 2400 
2 x 600 


1.3 


IC 1368 


10/28,29/2002 


6667 


76 


6 x 1200 
3 x 600 


5066 


104 


6 x 1200 
3 x 600 


1.1 


UGC 12282 


10/30/2002 


6667 


76 


3 x 2400 
2 x 600 


5066 


104 


3 x 2400 
2 x 600 


0.9 



Notes: Column (1) lists the galaxy name. Column (2) lists the date of observation. Columns (3) and (4) give the central wavelength 
of the Ha filter and the FWHM, respectively. Column (5) gives the total Ha exposure time on the top line for each object and 
the total i?-band exposure time on the second line. Columns (6) and (7) list the central wavelength of the [O ill] filter and the 
FWHM, respectively. Note, that for the B- and J?-band we do not list a central wavelength and FWHM, as the dichroic filters 
were used (see Section 12.21 and Figure [1} . Column (8) gives the total [O ill] exposure time on the top line for each object and the 
total £?-band exposure time on the second line. Column (9) lists the average seeing for each galaxy. This was found by measuring 
the PSF FWHM on the final broadband and narrowband images, and computing the mean of the four values obtained. 
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Table 5. Sensitivity limits for the Ha and [O in] emission- 
line maps 



Predicted 1-cr noise Measured 1-a noise Predicted 3-er noise 



Galaxy Ha [O ill] Ha [Om] Ha [Om] 

[ergss -1 cm~ 2 arcsec~ 2 ] [ergss -1 cm -2 arcsec~ 2 ] [ergss -1 cm -2 arcsec" 2 ] 

(!) (2) (3) (I) (3 (3 (Z) 



Mrk993 


1 


.14 


X 


10" 


-17 


2 


.56 


X 


10" 


-17 


1 


.03 


X 


10" 


-17 


2 


.97 


X 


10" 


-17 


3 


.41 


X 


10" 


-17 


7 


.69 


X 


10" 


-17 


Mrk577 


1 


.03 


X 


10" 


-17 


2 


.20 


X 


10" 


-17 


8. 


.62 


X 


10" 


-18 


2 


.72 


X 


10" 


-17 


3 


.10 


X 


10" 


-17 


6 


.59 


X 


10" 


-17 


UGC 1479 


8 


.61 


X 


10" 


-18 


1 


.73 


X 


10" 


-17 


8. 


.21 


X 


10" 


-18 


2 


.07 


X 


10" 


-17 


2 


.58 


X 


10" 


-17 


5 


.18 


X 


10" 


-17 


Ark 79 


1 


.25 


X 


10" 


-17 


2 


.71 


X 


10" 


-17 


1 


.10 


X 


10" 


-17 


2 


.98 


X 


10" 


-17 


3 


.74 


X 


10" 


-17 


8 


.12 


X 


10" 


-17 


Mrk 1040 


1 


.20 


X 


10" 


-17 


2 


.48 


X 


10" 


-17 


1 


.17 


X 


10" 


-17 


2 


.68 


X 


10" 


-17 


3 


.61 


X 


10" 


-17 


7 


.44 


X 


10" 


-17 


UGC 2936 


1 


.28 


X 


10" 


-17 


2 


.71 


X 


10" 


-17 


1 


.19 


X 


10" 


-17 


3 


.05 


X 


10" 


-17 


3 


.85 


X 


10" 


-17 


8. 


.13 


X 


10" 


-17 


NGC3079 


1 


.20 


X 


10" 


-17 


1 


.72 


X 


10" 


-17 


1 


.22 


X 


10" 


-17 


2 


.12 


X 


10" 


-17 


3 


.59 


X 


10" 


-17 


5 


.16 


X 


10" 


-17 


NGC 3735 


2 


.44 


X 


10" 


-17 


2 


.97 


X 


10" 


-17 


2 


.19 


X 


10" 


-17 


3 


.29 


X 


10" 


-17 


7 


.32 


X 


10" 


-17 


8. 


.92 


X 


10" 


-17 


NGC4235 


1 


.51 


X 


10" 


-17 


2 


.39 


X 


10" 


-17 


1 


.21 


X 


10" 


-17 


2 


.66 


X 


10" 


-17 


4. 


.54 


X 


10" 


-17 


7. 


.17 


X 


10" 


-17 


NGC 4388 


3 


.10 


X 


10" 


-17 


4. 


.43 


X 


10" 


-17 


2 


.32 


X 


10" 


-17 


4. 


.09 


X 


10" 


-17 


9 


.31 


X 


10" 


-17 


1 


.33 


X 


10" 


-16 


NGC 4565 


1 


.13 


X 


10" 


-17 


1 


.74 


X 


10" 


-17 


9 


.94 


X 


10" 


-18 


2 


.21 


X 


10" 


-17 


3 


.39 


X 


10" 


-17 


5 


.21 


X 


10" 


-17 
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Notes: Column (1) lists the galaxy name. Columns (2) and (3) 
list the 1-a noise levels found from computing the total noise 
arising from the Poisson noise of the sky background and the 
readout noise of the CCD chips. Columns (4) and (5) list the 1- 
a noise levels measured in the emission-line maps. Columns (6) 
and (7) list the predicted 3-ct noise level (i.e. columns (2) and 
(3) multiplied by 3). 
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Fig. 6. Broadband, narrowband images and ionization map of Mrk577. Ha (upper left), [Om] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 
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Fig. 7. Broadband, narrowband images and ionization map of UGC 1479. Ha (upper left), [O in] (upper right), i?-band 
(lower left), and [Oiii] /Ha (lower right). The oval white region in the Ha map and the corresponding feature in the 
i?-band image close to the southern part of the disk is a ghost of a bright star just off to the right of the displayed field 
of view (see Section I2.3.2[) . 
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Fig. 8. Broadband, narrowband images and ionization map of Ark 79. Ha (upper left), [Oni] (upper right), i?-band (lower 
left), and [Om] /Ha (lower right). 
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Fig. 9. A blow-up version of Figure El showing the nuclear region of Ark 79. The Ha and [O in] images are also shown in 
a slightly different greyscale stretch, to highlight the two components more clearly. 
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Fig. 10. Broadband, narrowband images and ionization map of Mrkl040. Ha (upper left), [Om] (upper right), i?-band 
(lower left), and [O in] /Ha (lower right). 
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Fig. 12. Broadband, narrowband images and ionization map of UGC 2936. Ha (upper left), [O in] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 
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Fig. 13. Broadband, narrowband images and ionization map of NGC 3079. Ha (upper left), [O in] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 
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Fig. 14. A zoom-in of Figure HH showing the central part (including the superbubble) of NGC 3079. 
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Fig. 15. High contrast images of NGC 3079 in Ha (lower left), NGC 3735 in Ha (upper left), NGC 3735 in [O in] (upper 
right) and NGC 4388 in Ha (lower right). Note, that there are some remaining cosmic-ray events (the dark spots mostly 
to the S of the galaxy) in the Ha image of NGC 4388, since only one single image was obtained for this galaxy. 
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Fig. 16. Broadband, narrowband images and ionization map of NGC3735. Ha (upper left), [Olll] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 
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Fig. 17. Broadband, narrowband images and ionization map of NGC 4235. Ha (upper left), [O in] (upper right), i?-band 
(lower left), and [Oni] /Ha (lower right). 
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Fig. 18. Broadband, narrowband images and ionization map of NGC 4388. Ha (upper left), [O in] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 



Robitaille et al.: Gaseous outflows in edge-on Seyfert galaxies, Online Material p 17 




12 h 25 m 50 s 49 s 48 s 47 s 46 s 
Fig. 19. Zoom-in version of NGC4388 in different contrast as compared to Figure IT51 
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Fig. 20. Broadband, narrowband images and ionization map of NGC 4565. Ha (upper left), [O in] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 
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Fig. 22. Broadband, narrowband images and ionization map of NGC 5866. Ha (upper left), [O III] (upper right), i?-band 
(lower left), and [Om] /Ha (lower right). 
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Fig. 23. Broadband, narrowband images and ionization map of IC 1368. Ha (upper left), [Om] (upper right), i?-band 
(lower left), and [O in] /Ha (lower right). 
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Fig. 24. Broadband, narrowband images and ionization map of UGC 12282. Ha (upper left), [Oin] (upper right), i?-band 
(lower left), and [Oin] /Ha (lower right). The elongated white/black feature in the i?-band/Ha image to the E of the 
disk is a ghost of the bright star close to the right corner of the displayed field of view (see Section I2.3.2[) . 



